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(57)Abstract: 

PURPOSE: To detect coherent light, independently of 
polarization by using a hybrid provided with a single 
polarized beam splitter and a single polarization plane 
holding coupler. 

CONSTITUTION: A reception message signals and a 
local oscillation signal are applied to a polarized beam 
splitter 1 6 as orthogonal inputs, and a pair of outputs 
include orthogonal components from each input signal. A 
polarization plane holding coupler 18 couples the pair of 
output signals, and a balanced receiver 1 4 restores a 
transmitted data signal, independently of polarization of 
the arriving message signal. By this constitution, 
elements which are easily affected by polarization are 
used as few as possible for detecting coherent light truly 
independently of polarization. 
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(2) 



f$B8¥4 - 2 2 9 7 3 1 



ml<DAt>\z&\,>T%.mznz*y•k-¥m^ (e 
■ (t) > S5£zs&2<Dm&-?z>Ainzt$\fz>mf&mm. 

(Etc (t) ) fcJtSCTSjftLT. &«^£IB1© 
(Eiih (t) , Elh (t) ) i5j;tf?g2©4jlft 

vtm (e«» (t) , Etv (t) ) \z&*&i&£vm2 

omiafr^n^ntezmKDmti (e. (t) ) *5<k 
tfsg2©aj# (Ei (t> > zmfc-rzisytftm^&L 

(16) t9ffi{B^«#aomi*<k^2 0ffl* 

att^b3nft«#» (ej (t) > E4 (t) ) * 
«W9!teffl*tuT-*A*«fcaifiaMi^a! (is) 

8©m i * 2 ©ta* tiEcDM»s«»«e^a 
©A*t*ffisj*)rr^ii&ts«»«js^a (20. 2 

2) £S&lCffl*fc£££#®£T*It#mEi&©ft 

»3t 7 7 -i A*> i"T 5 Mttfl 2 IB*© 

ttK* SftSC t ftttftt-rsMHI 2 E«©3£A-f ? 
U 2> h*. 

mxm. 5 ] me^w ?u » f**, taE©fiiifcB# 

ftfcffi^*fS:«&&9ftffl;'J («HB3t/Wyjy H©U 
*) ^<he^.-5<S&li«»«fe*S (2 4, 2 6) 

6 Kit z. t zftmfrzm&m 1 sta 2 e*©^ 

[if #51 6] ttE©«SB«J$!*ift*Il!)i*. Hi!£B« 

^7 r-f/wsfts c t zftmt-rzm&m. 5 e«© 

[*#B7J mfE0fiftffl«#5Jm^Ib^ 
fcg&^ £&5 £ <b£!&gii:T-2>ift*B 5 E«©7^W 7 
U v P. 

fc* -y -fe-i?(g*t©|g 1 *3«ktfS6 2 ©fi£^©M©<B^fc 
fe?¥-TSttffiM (A0) feS«»f«©«KIW*-r*±5 
tcffffflf ^ftftSSSi^a (3 4) SSSKflAfcCfc* 

*HRfr*»*« i e«©3t/w^u y p. 

n«^i*!t#m<!:T5il*JS8E«©^/W^U y P. 

ursa i o ] mzmfeo&ttmitt, m 7i izmm-^n 

5 c 1 £#® tr**#« 8 e«©^w y >J * P. 
MMtiB 1 1 3 ME»r«©fMB»^ ft 0 icfWfflSn 



SCi*#^tt-5iii*JB8fBSi©3t/W^U«y P. 
E«©#A<7'J -y Kc " 

IW<3t l-caex/vr ?u » P. 

7 -f A'<S&®&}$# 7 7 <i -4 £ C £ <t t £ 

10 WWiraiOXA^'JyP. 

n 1 *&mtTz>m$.m 1 e*©3tA-r ?v v p. 

StC«&4 5° ©^ST^Sn^MiSffi^^T-fA't 

^oTfiA&n^its^t-rsw^jai eta®©* 

T, Ml ©A*l:*HTSf Sns/yt-^ (E 
■ (t) ) *5<fclXm2©jt^-r-5A^Cfett^»^S 
(Elo (t) ) KjSCTWfebT. #«^S:^1© 
S^ttJI (E«« (t) , Elh (t) ) i5«fctfjg2©ijgft 
#M (Ekv (t) . Elv (t) ) lCfc-5|gli5.J:tfJg2 
©it^^^C^RT^ t t fet, Sl©ffl^J (E 
i (t) ) *3.t^2©ffl^ (Ei (t) ) * 
Ei (t) =E« H (t) + j Elv (t) 
30 Ei (t) =Elh (t) + j Ekv (t) 

iV^lSTMT5^i¥i (16) ffimu 

7t»it^a©^i*«tc;s62©m*(ci&i;T, mmmti 
[»i] 

Ei(t)+jE2(t) 



Ej(t) = 



E4(t) = 



V2 

E 2 (t)+jE 1 (t) 



t^5^ict*a*^fc^nfc©^ (e 3 (t) . e 
4» 4 (t) ) zmmmizmii thT&mTzmam&mtti 
(is) t*flt*fc!ifcsw»fr***fcfla¥ 

[IM19] Sfl3n5^7t-y^ (E 

« (t) ) (d (t) ) ^aTc-r^rt 

V^T, ^©^Ul«ig^A-f ^"'J>y H (12) 
ME^/N-f ^ U y J* *«, SB 1 ©A^J tts KrE©S« 
2n*;*>.y-fe-i?{I^ (En (t) ) *«k^|g2©it^ 
-r^A^^^S^^lgm^ (Elo (t) ) KJfcDT 
5(7 BftLT. §©^^l©<H7t«Si (Eiih (t) . El« 
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or 



3 

( t) ) *5«fctffg2 OffiXVtm (E.v (t) . E 

iv (t) ) ta&5^i*«fc^2(0il3?^tr^B|-rs 
(Ei (t) ) &J;tfSg2©tii# (E 

• (t) ) **j£r«ff%&ii¥a (16) mba 
ytftm^mnm i * .fctfa? 2 ©m* &sij«©a;*j <t lt 
straisn, iteflBE£HB¥«t<D)Bi*j: 

(Es (t) , E4 (t) ) zmmmteitiDtvT 

JHL*MHMMHMt¥9t (1 8) ttetfctti 

ta^ffl^^ic^UT, tTcsnfcf-^^ (d 
(t) ) sm^tLT^Asfcs&tr, swatflMts-t© 

nfcM^©^ i ^±^2 ©«a-©m©tttfctfarr* 
(a a) ssrSm^©ffl{c«iifr-5«t3cs!ffli-r 
sfiffiitp^a (3 4) ftS6fcfAfc£t*»ttr 

3»jR3ii 9«©«tefcflH?l,fcv>3b-l'>h3E« 

[it^ja 2 1 1 mmm%.<D&mm^ \zmn 

fc&UT, ^©a^«*SI£ffl;>j£LT-«j-*_£Sgl©g 

<HH*©#©55©»D©j|*2©*«*|fcj6UT, *© 
m»«*«*ffl^<hLT#*.SSi!2©&&^©2:, WE 
OS 1 £«k tfSS 2 ©£&#§*#> 5 ©«re©S»«tfl;&K: 

j&dt. «7c$nfcx-^©^ (d (t) ) *ttiH^m 

^«^S2fH-r*«HI#a (3 2, 3 6. 3 8) &«« 

Afcct 1 9B*©»tfctt#Lfc 

at*m 2 3 ] ttGflm^s«t. mmom i * ±w« 
b (t) ) &£j&r££niM«^B (32) t, wcs 

iflcffiDT, 2MSnfcg«^ (I. (t-r) ) S 

fe*-r*sffiii8 (3 6) t, Mcs«^«j:znme®9 

© 2 fg^SI t ft £ J: 5 \Z?Z>m&¥Wc t C t * 

»«fr^«*«2 2Eto«tl:«#I/ftv>3t'-l/ 

jsct. MenaxfiosiiiHaHk <»to) tins*? 
■fc-3>flw©«M*» (w«) t©ra©s©«fe»^ 



(3) #|»¥4- 2 2 9 7 3 1 

■r*»ii*a*asfcfliA&j:i*»«fr*iii*3i2 
nmui 2 5 ] wfarogmsns * »t-3W#, 

C«2] 

E M (t) = M(t)V2P M cos(ffl M t) 
EloO) = VPlo cos(o>u)t) 
t^5»*ODPSK3e«Sn&fi^T?**Ct*4«fc 

2<? [5B9i©PieB&l&9!J 
[0 0 0 1] 

X-rA©fc»©3t9WJ8*T (*^^*;U'/W^U 

(«*> ««»ii'&«*«ffl'ra*4ts** : PR:M"r 

[0 0 0 2] 

[t£*©8ffi] 3h-l/>hSMotffl->Xfi^ 

50 —>7 L -<§^*jSsfijffl-r-&ra:T»-5). — Re. (gig 

[0003] {f^y-f /^-->?w ttcD&mtf^ <•=>*•> 
mmztu «isnTt>«. «*atf©**3SFsnr»a. 

«fcWr*BlWtt, 1 9 8 8^9fl©ECOC88M 
40 p. 151~p.l53fttfiTVi-5XA • i^^teC «fc£ PpfS 

)£§fi!?Hr (Polarization diversity coherentoptical r 
eceiver with a balanced receiver configuration) J 

tt, ^yfe-^flWrtatf, M3t»»©«, 3dB77 
■f /mifcfiVJTIHWfifci^Tfl^SnS. -e© 
3 dB«g-&gg Kit)T* b<»fd$ 

snt^ «*j*a-©«6Wi*ir&a**fc» 
50 te«*«**sfflv»T»ffsn*. L*U 
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[0 0 0 4] 
[0 0 0 5] 

[gDS£#fc-rsfc«>©#a] ^©smtcs^nfcis 

a • x^y v?&£zfm-<Dmm&&ft%i£mzwm-r 

[0006] *ftW0>—&mm\z£.n& mx?z>*y 
■t-i>mm$£vmM&mmm$. ®*£-a ■ x:/y 
y^s^TSAAtLTBijnsns. zomytv-A 

tzftm-rz. ^y-fe-vMg^E* (t> 

**. ^E«h (t) *5<fctfE.<v (t) {r»fiJ3n-5. & 
fc*U THJ ©Jg5gfc«fcD r*¥fcj (Ift^U 

-r^A^jtbTx^u^^fcsansnscDT, x:/y>y 

o£D, |gl©ffJ;>)E, (t) *W-l$.fttmW.I$.ft 
CD M ^ E i ( t ) =En ( t ) + j E 

u (t) ) £^tf„ -S-L-T, -e-©XX">J ^©^©ffl 
^3Ctt, «0©/£#E«v (t) i5<fctfEiH (t) 

^SSfCA^tUTEPiHStlS. <gg?ffi«^-&g§tt. Id 
IB<D^S-&th-r-5J;5JC^L-T, E 3 (t) fej;^ 

E4 (t) t7K-znz>tii&2tirzytm^<Dtt&%:/\-i 

U y Htti^jiLT^-AS. E 3 (t) ^teitfE* (t) 
fi> ^E-A • X7>J ^©Sgl&itfS^©^© 

1 8 tt, &©W&C*£o Tf^ffl-TS. 
[&3] 

Ei(t)+jE 2 (t) 



E«(t) = 



V2 

EaCD+jEtft) 



->»m^E« ct) ^e»j@iffi$nfcx-^^«7cT'5fc 
*n%<Dftm^*mmifs.i?m\z%&\s. ^©« 

[0 0 0 7] ^^©-StSSWCfcJU tVV? • t^f^ 



yi'XSffl ViT/W 7 >J -y H &&ffc-C&2> *> © fe & -5. 

i!ftfcf-A#lSI*3.-:/£ffl^T*>y-fc- 

fiife€A57 7'f/Wf©4 ; a-^ ©3 

SJfcBatcfca^S 4 5°) TJ&OttttSn 

t, 2o©m*{i^sg©wtc«8P^sm^©*K«ic 

io t*i&w&m-tz<»\z®.mi*tiz>r£tf-zti<\ «£-&sg© 
mti spasms© a* icsserr 
[0008] *-s«±e-«*ejiMa£ixTA 

m\z\t, <@^h-a • x:/y •y^t<s^ffi«^-&ss^ 

1 ?0ft&&&<D*\zm&2nitm&gm£VT&tfi-t 
?>^t*<-c#-5. -^©astc^snfc^wffi^a 

£ & tc gffSg **lfl<!>2£± L T t> J; 

[0 0 0 9] 

C^Lfc. IHiigl 0t:(t *5!^©AS!«J^A-r^ 
'J >y H 1 2*.k^-€-rnc^$nfc¥SS«8§ 1 4*^ 
*n^>. S*©«t5tr, 3tA-f:?*yy Kl 2«u ltt© 

fcffi!3fctf-A • X7"J -y* 1 6£=tlflli&3i&&i|g-&gg 

5<? 1 8^e, fcz>. uikmu^-t^i 8 ©a* (/vr^y 

•y HI 2©m^<hUTt)SH3n5) &¥«Smigl4 
©A^t^-r^fcj&tc, li^M«Nf^&K©^2©^ 

2 4^ii;2 6!)««ffl3n5. paitc^-rs*^ 3tA 

-f <y H 1 0 ti. figiJ©^-e*-©-ft*j§i:bT 

[0 0 10] ftfWCB. §fiSnfc^^t-/^E 
i (t) 4sJ:aciV09KMI9BLi (t) ^d^t'-A • 

x^y y^ i 6 icit^A^tbTBijD^n-s. z\v>mm 
40 ©fcfelr. ^<y-fe->?#^E« (t) \t. ^:©«t5tr8 

T C <h^T#-5D P S K h • *-#50 

[»4] 

E M (t) = M(tW2PM cos(C0 M t) 
fcfc*L> M (t) \t> +1 0B9 rij ©S^) 
-1 (InS roj ©£-&) ©Mtl^©fflS;*-r^DPS 

so K-«*i«iTs©T, ait^s-rs. ^©.t^^ta. 
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#Eio (t) 
[&5] 

EloCO = V^Puo cosCffluiO 
[0 0 11] €^tf-A • X^U -^16 

r»tj (v " ) ffl3fc#tlis«ktf Wj (h " ) 
■SfcflUir*. (*9IIB»C*V>Tt4, 7 
*±V " ©«t5tcE-T. ) ^-yir-^lg^Ei, <t) tc 
Uy*16tt. Xy-fe— 3W»Ei (t) ®«*P«S^ 

[*6] 

Pm=x 2 p m h + (i-x z )P M v 
£ it?, xMi^yt-yffE. (t) ©*¥«3tttJ6 

©*#**u (i-x 2 ) om\tmv z>m\M.myt<»m 

9t*&t (fcfc'U OSx^lT, xttttlli©Mfc£L 
[&7] 



EmhW = M(t»/2(l- a 2 )PM" cos[mMt^i 
EmvW = M(iW2x 2 Pm costoJMt+%]V 

[0012] *&w<DWt.z.z>tz*>izj:n& mfe-zn 

fcIt«HH^S:^r-r5<S^t-A • v9 1 6^© A 

*tbT»*i8iHi^Ei.o«BWiobT, tMinizmm 

2 0*>J;tf2 2tr#^?>nstfl^«^*^R6<)tC^L^ 
[»8] 

EL0(t)=BLH(t) + E LV (t) 

ElhCO = VPlo cosUDLot+6u)]H 

E L V(0 = VPlJO COSlCflLot-r^LolV 



[0 0 13] fiftfcT-A - X^U v9 1 6<DfUAA# 
tt. Sllc*LfcJ:3(c, ffii£B5«&iJJft&2 Olci&o 

t£itsE. (t) ££ttsn««<?isj:zMnfcna 

J#3gfc8&2 2l:iBoTgit5E t (t) tftHStl* 
©^£#{C<SfciS&##feSS2 0&£Zt2 2^£MMt< 

, (t) :&«ktfE 2 (t) tt, *©B«CJ:oT)e«*n 

Ei (t) =Ehh (t) + j Etv (t) 
E 2 (t) =Elb (t) + j E«v (t) 

tte©H**ft.vr*i. me. (t) *<fct;E 

i (t) lZX<D&5\zm<Ct&-?%Z>. 
[»9] 

Ej (t) = M(tW2(l -X a )Pi7 co8[cqMt+fli3H + sin&OLoflV 
Ei(t) = M(t)V2X 2 PM sinttOMt-ffizIV + VPLo"cos«0 LO t)H 

[0 0 14] SliO. ft^E. (t) fecktfEa (t) 
^ It MI«^M2 0*J:tf2 2l;»^Tfi»U 
*V»T«ftiB«8*S£S 1 8©A*fCff»l3n^. — iR 
ic. fittB«g8*S&»i 8 1*, 
s (t) *<ttfE* (t) fcflfU 

»1 0] 

E,(t)+jE2(t> 



50 



E 3 (t)< 



E4(t) = 



(t) 



Bl*6»*»4i5lc. M^Es (t) i5«fctfE, 

2 o*3ic;2 4»c«toTjes$n^sgs©s^ iu&«, 

#fe«&2 2*s,J;tf 2 6 C«J:^T£»3n-5iffi$©fiS 1 

ifc*iitofc«bn£fijr*"*fc. /w^u^hi 2© 

mi©a^JE 3 (t) tt*©J:5fc*sn*. 

Ea (t) =E3H (t) +E3V (t) 

»1 1] 



E 3V (t) = 



[M(tW2(l-X 2 )PMPu> cosCo^t-^! ) + ■y/P[5*sin(<0 LO l)]H 



[-M(t)V2x 2 P M cos(WMt+ej) + VPlo sin(a> Lo0]V 

vf 



R«lc, ft^E< (t) tt*©J;pti<ri^# E 4 (t) =E*» (t) +E 4 v (t) 
*. 50 fc«U 
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«1 2] 



E4H(0» 



— ^2 ~ 

_ [M(t)V2x 2 PM sin(a> M t+e 2 ) - V^cosCcoloO]^ 



E^y = 



IT 



1 2#&©ffl?J#ff^©*fEs (t) *3«fctfE4 (t) s 
4CA*fcUTRJilirrs. « 
(t) 8JCA*tL- i0 

TSJJllSfU ft^E (t) 4ttm2©^* h^*- h* 

£tffl7J«ift££C£. Aftftfirfii, SlC7*h^t 
-H2 8*^©tfl*m85Ii (t) », *OJ;5l:gS 

n*. 

ftl 3] 

I,(t)=C[E§ H (,) + E|v(t)] 
CUT, CttM»©Jfc*i? e-5-(h/2 7c)a>fcUTJ«* 
Sn5. Esb (t) iSJctfEsv (t) fc2*LT5£&ftA 39 

-rs^tt^o. i, (t) *t^o<t-5tra$n-5^t 

»14] 



fCilT, o)i f =6)1. o -con RISC, ^2(07* 
h^tr-H3 0^6©m*«SSl« (t) fct#©J;5 

tc^an*. 

[ft 15] 

i 2 (t) = qE3 H (t) + Ej v (t)] 
tc.1t. £nfi£K©<fc 5 fir« 5. 
[ftl 6] 

I 2 (t) = Cl-^p + ^-~ -^-V2(1-X 2 )PmPlo sin(co, F t-6i)l 
+ C[-^V2x 2 P M Plo sinCiDjFt-^)] 

tSViT, ^SS6 1 1 (t) fcitfl* (t) fit, %A4MI 
S3 2CSiJ<@©A7JibT^lJin$n^. g»«i|iS3 2 
fit. Sgl©«8&Ii (t) ^S^2CD*»l2 (t) £§| 

b (t) £#*.-5. ^5^0, 

Ib (t) = 1 1 (t) - I* (t) 

CUT. I, (t) *5J;tfl2 (t) C*t-r-5W&£ftA 

tft\i. Ib (t) fii&WckStcS^tatT?^*. 

Cftl 7] 



I B (t) = CM(0V2PmPu) [Vl-x 2 sinCffljpt-©,)-^ sin«DiF-©i)] 



■fe-5?fli-^E« (t) jrararsire&KicttffijEiug 

3 4S#A-T-5±'5IC*L'T*-5. CCD J; 5 tC-T-£>«*3 
0 fil, fiffl^PIS 3 4 tt, a»&F& 2 0 Sfcti 2 2 ©fan 

(9 2 Wyt-^Ei (t) OH-myt&kZfVMM 

ftftSAflfii. (2k+l) n/2t\,*5£&.<D 40 MZtlftrnm* (t-r) D* (t) T?« 



30 to ©iB©jjf3t«ofi««AetfiM»-r*fc*t:«fflan 

5. 0«*.fii, teffiSiSgg 3 4 fit, »c/2tV>5»f3t©ffi 

5. fct, sin (02) = sin (0i + tt/2) "Cfc-S 
jj»6. lilc»f*Wfttt. jfc©J:3K#<ct38»T?* 

[SI 8] 



«fc«£b-Cb&V>. WfU ktt, £fcfit 

[00153 BiKinT. «fisg3 2*>e,©mssiB 
(t) wrafc«**=*-r*«k3fc4iuB'r 

5ii^S3 6 k bud ana. ftttWfirfit, *gfEI 
b (t) «2o©iKBSJc^Sian, -7j©iSSS©*i%tt 
0f^©«!Mrfc*ttagiana. (t) 



X»tLTBJ»SiTS. tot, D' (t) fit, &©«fc 
Sfir^-rntatTS*. 

D ' (t) = Ib (t) Ib (t-r) 

Ib (t) feitflB (t-r) CftALT, &©«fc5fi: 

[ftl 9] 
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11 



(7) 



= C 2 M(t)M(t-t) pMPu>[cos(c%FT)] 
4 



^¥4-2 2 9 7 3 1 



12 



+ C^M(QM(t-^) P jPLL[(x a _ 1/4) 005(2(00,1-0) + ^(l-O 2 ) sinPfflipt-G)] 



[&2 0] 

DW . C 2 M(t)M(^) pMpLoeos(miFt)] 

[0 0 16] -tj£ ©<£?{::> *^W©3tA-f ZfUy H 

-A • X7"U 1 6 t.hT\i-2±%m*=L-7'&mX- 
z z\ t h $> s. <Ii&iSiffi8*i!-&gg l 8 te, dfcffift&ft 
7 r ^ a* £ ffl v> T1^3 nfcI6-& 7 r /N*i(g-&8§^ S & 
•s^tfc^-s. se.tr, ffl5lC^-rs#SS52 0. 2 

2. 2 4. 2 6tef'-<T, l@SiJ^©ffi«J^ffitfi« 

£&^LfcM»®#Jt:77^A^£fc5;i£fc;fc5. - 
T«, W*Ji, *i§?3, MtfnXN© 

[0017] u±<Dmw\*. *mwo-&mm\zm-rz> 
©&jgeii##As>n5**, -5-ne.«^-fnt>*%w©s 

^«®HlcS^Sns. fltttf, #J£9l©te©5d£0!|-C 
fct, Bll{C*5^^«^S«^07*h^^-H» 



;tfcV\ fc-tffcS, FSK (H$»y7 h • 

v»a». cng£^tMS#©m^:£fc#&i!a©^w:/ 
-s?«r*E« (t) f*. %.o£5fs.m3:tteZo 

[»2 1] 

E m (i) = V2Pm cos((eo M +A(B)t 
fcfttU mi OlfeSifitr^UTtt. Ao)=0T?*0. |g 

•fe-^Eii (t) 14, ^©i^^Ai^s. 
[*2 2] 

E M (t) = MW^Pmcos^m 1 

fcfc*u miconafiticML-Ta. m (t) =o-e& 

0. J&2©*a*fc*fl/CH:. M (t) =M-C&5. 
[0 0 18] ft, #fFW*©ftHCfB«b^:#SgS^ 

[0 0 19] 

jo [iam©flg*^ijiii] 

[01] *BHfc±oT»rt3n&3fc/vf:7UyF*fl! 

io nt-^>b^m«ii 

12 3ttA-f^'JyH 

14 ^gsmsg 

16 ««tf-A-X^'Jyi' 
1 8 fl&IBffttlgr&S 
40 20, 22. 2 4, 26 

32 mmm® 

3 4 e^BSEPSg 

3 6 &m^& 

3 8 
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4& 



(8) 



#H¥4- 2 2 9 7 3 1 



[01] 



34 



cT 



20-, 



i7 

X7'J it 9 



Y 



22-i ? 
HttfBBtt«ttK E 2 (t) 



C 18 



T 

12 



IS. 



l'wL .1 
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